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COST EFFICIENCY IN AUSTRALIAN LOCAL GOVERNMENT: A 
COMPARATIVE ANALYSIS OF MATHEMATICAL PROGRAMMING AND 
ECONOMETRIC APPROACHES 
ANDREW C. WORTHINGTON∗ 
 
 
A sample of one hundred and seventy-seven New South Wales’ local governments is used to compare the data 
envelopment analysis (DEA) and stochastic frontier approaches to cost efficiency measurement. The results 
suggest that the choice of reference technology implies different levels of efficiency and rankings for identical 
samples and thereby has a dramatic influence on the policy implications drawn from frontier cost efficiency 
measures. Notwithstanding these comments, DEA and stochastic frontiers should be thought of as 
complementary tools in the analysis of local public sector efficiency. In the first instance, the frontier adheres 
closely to the notion of best-practice efficiency, whereas in the second it refers to an absolute measure of 
efficiency. Clear advantages thereby accrue to DEA in identifying benchmark local governments and peer 
groups for comparison, while the stochastic frontier permits the opportunity for direct comparison with other 
institutional milieus. 
Keywords: Technical, allocative and cost efficiency; local government.  
INTRODUCTION 
Public sector reform has now become an established dimension of policy-making in many 
developed countries, including Australia. Although the ongoing program of public sector 
reform in Australia has focused mainly on the Commonwealth government and some state 
governments, it is now being applied to local government. Key aspects of this process have 
been administrative reforms (compulsory competitive tendering and contracting-out), 
structural reforms (local council consolidations), legislative reforms (fiscal transparency and 
accountability), and workplace reform (labour market deregulation).  
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Another part of this reform process has been the collection of new ideas associated with 
what has come to be known as the ‘New Public Management’. Central ingredients in this 
movement have been the notion of explicit standards and measures of performance in the 
public sector, the greater emphasis on outputs rather than inputs, the shift to greater 
competition in the public sector, an emphasis on private-sector styles of management practice 
(i.e. ‘letting managers manage’), and a stress on greater discipline and parsimony in resource 
use. Finally, there is a greater awareness on the behalf of the Commonwealth government of 
the desirability of promoting efficiency through the system of intergovernmental financial 
assistance. In common with the other pressures for greater efficiency and effectiveness in 
local public service provision, this process requires accurate and meaningful measures of 
local government efficiency for the purposes of comparative performance assessment and 
process benchmarking. 
However, it is only recently that some of the more advanced microeconomic efficiency 
measurement techniques have been applied to local governments (Ganley and Cubbin, 1992; 
Deller, 1992; Cook et al., 1993; De Borger and Kerstens, 1996; Worthington, 1999). 
Importantly, while the use of econometric and mathematical programming frontier efficiency 
measurement techniques in financial, health and education services, amongst others, are now 
relatively commonplace, little empirical work has been directed to possible applications in the 
local public sector. There is an obvious requirement for empirical studies to examine the 
possible use of such techniques in improving performance in government-funded service 
delivery at the local level. Furthermore, little is known about the impact, if any, of the 
differing assumptions underlying the available frontier efficiency measurement techniques, 
and whether these are likely to exert an influence on the level and ranking of efficiency in the 
local public sector.  
This paper is centrally concerned with the evaluation of technical, allocative and cost 
efficiency in New South Wales’ local government using two different frontier approaches to 
efficiency measurement. The purposes of this exercise are twofold. First, we calculate 
measures of cost efficiency using both parametric and nonparametric methods. Second, we 
evaluate the sensitivity of the rankings of local governments with respect to the underlying 
reference technology. This provides insights into the determinants of local public sector 
inefficiencies, and yields useful information about the robustness of these measures across 
various specifications of the reference technology. 
The paper itself is divided into five main parts. The first section outlines the frontier 
approach to efficiency measurement for local public services and the second section provides 
the model formulations employed. The third section provides the specification of inputs and 
outputs for local government services, and details some characteristics thought to explain 
patterns of efficiency in the local public sector. The results obtained from this analysis are 
discussed in the fourth section. The paper ends with some brief concluding remarks. 
COST FRONTIER REFERENCE TECHNOLOGIES 
Economists have developed three main measures of efficiency. Firstly, technical efficiency 
refers to the use of productive resources in the most technologically efficient manner. Put 
differently, technical efficiency implies the maximum possible output from a given set of 
inputs. Secondly, allocative efficiency refers to the distribution of productive resources 
amongst alternative uses so as to produce the optimal mix of inputs and outputs. In other 
words, allocative efficiency is concerned with choosing between the different technically 
efficient combinations of outputs, bearing in mind the prices of these inputs and outputs. 
Taken together, allocative efficiency and technical efficiency determine the degree of 
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economic efficiency. In cost terms, this means that an organisation should produce a specified 
level of output in the cheapest possible manner. Thus, if an agency uses its resources 
completely allocatively and technically efficiently, then it can be said to have achieved total 
economic (or cost) efficiency. Alternatively, to the extent that either allocative or technical 
inefficiency is present, then the organisation will be less than economically efficient and a 
reduction in costs is thereby possible.  
In essence, the literature on cost frontiers and the calculation of cost efficiency measures 
begins with Farrell (1957). Whilst the empirical estimation of production functions had begun 
long before Farrell’s paper, essentially with the papers of Cobb and Douglas, Farrell (1957) 
made the first tentative steps in adapting these to rigorous microeconomic analysis. The spirit 
of Farrell’s (1957) argument is contained in Figure 1. Here two inputs, x1 and x2, are utilised 
to produce a single output, y, under an assumption of constant returns to scale. The isoquant 
of the fully efficient firm SS' permits the measurement of technical efficiency. For a given 
firm using quantities of inputs defined by point P to produce a unit of output, the level of 
technical efficiency may be defined as the ratio OQ/OP, which is the proportional reduction 
in all inputs that could be theoretically achieved without any reduction in output. Point Q, on 
the other hand, is technically efficient since it already lies on the efficient isoquant. If the 
input price ratio AA' is known, then allocative efficiency at point P is the ratio OR/OQ, where 
the distance RQ is the reduction in production costs which would occur if production occurred 
at Q' - the allocatively and technically efficient point, rather than Q - the technically efficient, 
but allocatively inefficient point. Hence, total economic efficiency is the ratio OR/OP, with 
the cost reduction achievable being the distance RP. 
Accordingly, if we can determine frontier cost functions that represent economic efficiency 
using the best currently known production techniques, then we can use this idealised yardstick 
to evaluate the economic performance of actual organisations and industries. A number of 
empirical techniques are possible, the most fundamental distinction being between the 
econometric approach to the construction of frontiers and what may be termed the 
mathematical programming approach. These approaches use different techniques to envelop 
the observed data, and therefore make different accommodations for random noise and for 
flexibility in the structure of the production technology.  
Figure 1  
Technical, Allocative and Cost Efficiencies 
P
S
S′
A
A′0 x1/y
Q
Q′
x2/y
R
 
WORTHINGTON 4 
First, the econometric approach specifies a production function and normally recognises that 
deviation away from this given technology (as measured by the error term) is composed of 
two parts, one representing randomness (or statistical noise) and the other inefficiency. The 
usual assumption with the two-component error structure is that the inefficiencies follow an 
asymmetric half-normal distribution and the random errors are normally distributed. The 
random error term is generally thought to encompass all events outside the control of the 
organisation, including both uncontrollable factors directly concerned with the ‘actual’ 
production function (such as differences in operating environments) and econometric errors 
(such as misspecification of the production function and measurement error). This type of 
reasoning has primarily led to the development of the ‘stochastic frontier approach’ (SFA) 
which seeks to take these external factors into account when estimating the efficiency of real-
world organisations. Studies of local government cost efficiency by Deller, Chicoine and 
Walzer (1988), Hayes and Chang (1990) and De Borger and Kerstens (1996) have used this 
approach. A forerunner of this approach, namely the ‘deterministic frontier approach’ (DFA), 
is similarly a parametric method except it assumes that all deviations from the estimated 
frontier represent inefficiency. Examples of work in this area include Bjurek, Hjalmarsson 
and Forsund (1990) and De Borger and Kerstens (1996).  
Second, and in contrast to the econometric approaches which attempt to determine the 
absolute economic efficiency of organisations against some imposed benchmark, the 
mathematical programming approach seeks to evaluate the efficiency of an organisation 
relative to other organisations in the same industry. The most commonly employed version of 
this approach is a linear programming tool referred to as ‘data envelopment analysis’ (DEA). 
DEA essentially calculates the economic efficiency of a given organisation relative to the 
performance of other organisations producing the same good or service, rather than against an 
idealised standard of performance. In common with the aforementioned DFA, DEA is a 
nonstochastic method as it likewise assumes all deviations from the frontier are the result of 
inefficiency. Vanden Eeckaut, Tulkens and Jamar (1993) and De Borger and Kerstens (1996) 
have undertaken work in this area. A less-constrained alternative to DEA often employed in 
the analysis of economic efficiency in the public sector is known as ‘free-disposal hull’ 
(FDH). This approach has been applied to local governments by De Borger, Kerstens, 
Moesen and Vanneste (1994), and De Borger and Kerstens (1996). Suitably detailed surveys 
of these approaches to efficiency measurement may be found in Førsund, Lovell and Schmidt 
(1980), Seiford and Thrall (1990), Greene (1993), Lovell (1993) and Ali and Seiford (1993)]. 
Unfortunately, the methodological literature to date provides inconclusive evidence 
concerning the sensitivity of local government efficiency rankings to these alternative 
technologies. De Borger and Kerstens (1996) found large differences in mean efficiency 
scores, and observed that rank correlations between parametric and nonparametric measures 
were relatively low. On the other hand, Bjurek et al. (1990) found strong similarities between 
the different efficiency measures. Moreover, Vanden Eeckaut, Tulkens and Jamar (1993) 
found that some methods yield more credible results than others, especially in terms of the 
evaluation of excess costs. The primary purpose of this paper is to add to this evolving 
literature on local government performance by studying the cost efficiency of Australian local 
governments.  
EMPIRICAL METHODOLOGY 
The first methodological requirement is to specify the two approaches for measuring cost 
efficiency in Australian local government. The first approach is data envelopment analysis 
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(DEA). This technique follows the work of Deller and Nelson (1991), Vanden Eeckaut, 
Tulkens and Jamar (1993), and De Borger and Kerstens (1996). The second is the stochastic 
frontier approach. Hayes and Chang (1990), Deller (1992), and De Borger and Kerstens 
(1996) have applied this method to local government. 
Nonparametric, deterministic cost frontiers 
The computational procedure used to implement data envelopment analysis (DEA) approach 
to cost efficiency measurement consists of two steps. The first step is to obtain measures of 
technical efficiency as introduced by Charnes et al. (1978) and extended in Seiford and Thrall 
(1990). Consider N local governments each producing M different outputs using K different 
inputs. The K×N input matrix, X, and the M×N output matrix, Y, represent the data of all N 
local governments, while for the individual local government these are represented by the 
vectors xi and yi.  
The purpose of DEA is to construct a non-parametric envelopment frontier over the data 
points such that all observed points lie on or below the production frontier. The relative 
efficiency of each local government in ratio form (where for each local government we obtain 
a ratio of all outputs over all inputs) is specified as follows: 
max ( )
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where yi is the vector of outputs produced by the ith local government, xi is the vector of 
inputs used by the ith local government, u is a M×1 vector of output weights, v is a K×1 vector 
of input weights, i runs from 1 to N, and j equals 1, 2, ..., N. The first inequality ensures that 
the efficiency ratios for all local governments cannot exceed one, whilst the second ensures 
that the weights are positive. The weights are determined such that each local government 
maximises its own efficiency ratio. A problem with this particular ratio formulation is that it 
has an infinite number of solutions. To avoid this the constraint v′xi = 1 is imposed. This 
fractional linear program (1) can then be transformed into the following equivalent linear 
programming problem: 
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where the notation change from u and v to μ and ν reflects the transformation. Using the 
duality of linear programming, this multiplier form can then be used to derive an equivalent 
envelopment form of the problem: 
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where θ is a scalar and λ is a N×1 vector of constants. The value of θ will be the technical 
efficiency score for a particular local government. It will satisfy θ ≤ 1, with a value of 1 
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indicating a point on the frontier, and hence a technically efficient local government. The 
value of θ ≤ 1 identifies the amount of any inefficiencies that may be present.  
The model specified in (3) has an assumption of constant returns-to-scale (CRS) and is 
only appropriate where all local governments are operating at an optimal scale. Where this 
assumption does not hold, scale effects will confound the measures of technical efficiency. 
Generally, the spatial distribution of local government and intergovernmental structural 
constraints imply that local government is not operating at an optimal scale. Following Banker 
et al. (1984) the linear programming problem can be modified to account for variable returns-to-
scale (VRS) (that is, measures of technical efficiency without scale efficiency effects) by adding 
the convexity constraint N1′λ = 1 to (3).  
The second step is to calculate cost efficiency with respect to this DEA dual reference 
technology by solving the following linear program (including the convexity constraint): 
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where wi is a vector of input prices for the ith local government and xi* is the cost-minimising 
vector of input quantities for the ith local government given the input price vector wi and the 
output vector yi. The ratio (wi′xi*/wi′xi) measures the cost (or economic or productive) 
efficiency (CE) of the ith local government, and [(wi′xi*/wi′xi)-1-1] measures the amount by 
which cost is increased due to both kinds of inefficiency (both technical and allocative): that 
is, the ratio of minimum to observed cost.  
Parametric, stochastic cost frontiers 
Parametric frontier methods differ from the aforementioned nonparametric approach in that 
they postulate a functional form with a given number of parameters to describe the production 
technology. The following model is specified: 
( ) ( )c c y w v ui i i i i= +, , expβ        (5) 
where ci  is the logarithm of the total cost of production of the i-th local government; wi is a 
vector of input prices, yi is a given vector of outputs, β is a vector of unknown parameters to 
be estimated, and (vi + ui) is a compound disturbance term. The disturbance is composed of 
two influences: vi are random variables assumed to be N(0,σv2) and independent of ui, which 
are non-negative random variables assumed to account for the cost of inefficiency in 
production and are distributed |N(0, σU2)|.  
The error term is decomposed using the conditional distribution approach proposed by 
Jondrow et al. (1982) for a half-normal distribution; providing an unbiased, though 
inconsistent, estimate of the cost of inefficiency. The measure of cost efficiency (CE) relative 
to the cost frontier is defined as: 
CEi = E[u|(v+u)] = [σλ/(1+λ2)][φ(ελ/σ) /{1-Φ(ελ/σ)} + ελ/σ]   (6) 
where σ = (σv2 + σu2)1/2 and λ = σu/σv, φ is the standard normal density function, and Φ the 
cumulative normal density function, and all other terms are as previously defined. To obtain 
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estimates of (6), maximum likelihood estimates of the parameters of the stochastic cost 
frontier (5) are first estimated. 
Estimating equation (5) requires the formulation of a suitable cost function, of which the 
Cobb-Douglas and translog (transcendental logarithmic) are the most commonly used in 
stochastic frontier analyses. Following De Borger and Kerstens (1996), the following translog 
cost formulation is specified and reformulated to impose the standard symmetry and linear 
homogeneity input price restrictions:  
ln ln ln ln ln
ln ln ln ln
c y w y y
w w y w
i i j j ik i kkii
jh j h ij i jjihj
= + + +
+ +
∑∑∑∑
∑∑∑∑
α β χ δ
γ ρ
1
2
1
2
   (7) 
where c are total costs, wi are the unit prices of each factor input, yi are output indicators, k = 
1, . . . a and j, h = 1, . . . p - 1, and c* = c/wp, wj* = wj/wp, and wh* = wh/wp.  
SPECIFICATION OF INPUTS AND OUTPUTS 
Following Vanden Eeckaut, Tulkens and Jamar (1993), De Borger, Kerstens, Moesen and 
Vanneste (1994), De Borger and Kerstens (1996), an attempt is made to measure the 
efficiency of local government activities over the entire range of functions. Variables required 
for the linear programming approach are described in Table 1. The data set includes eight 
output indicators, and three input indicators and their prices for each of the 177 New South 
Wales local governments in 1993. All data corresponds to the year ending 31 December 1993 
and is obtained from the NSW Department of Local Government (NSWDLG), the NSW 
Local Government Grants Commission (NSWLGGC), and the Australian Bureau of Statistics 
(ABS).  
Table 1 
 Variables and Descriptive Statistics, Major Local Government Functions 
Variable Description Mean Std. dev. 
c Total cost (dollars) 7516428 8183237 
y1 Population 33640 45347 
y2 Properties receiving DWMS 11778 16168 
y3 Properties receiving sewerage services 2946 6541 
y4 Properties receiving water services 3014 6970 
y5 Length of urban roads, sealed (kilometres) 336 1055 
y6 Length of rural roads, sealed (kilometres) 257 249 
y7 Length of rural roads, unsealed (kilometres) 663 805 
x1 Number of full-time equivalent employees 215 241 
x2 Other physical expenses (materials and plant) 1902800 3278900 
x3 Financial expenses (excluding depreciation) 1166800 2637200 
w1 Average municipal salary (including overheads) 33467 451 
w2 Physical expenditures divided by current assets. 15.0585 64.8773 
w3 Average interest rate paid on borrowed funds 0.1126 0.0258 
z1 Grants dependence ratio 0.2717 0.1400 
z2 Debt service ratio 0.1072 0.0653 
z3 Current assets 7.08E+06 7.41E+06 
z4 Current ratio 2.4225 1.8589 
z5 Staff per 1,000 capita 10.5638 10.2480 
z6 Average rate per residential assessment 384.63 162.43 
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Unfortunately, a single direct measure to quantify the local public services provided in each 
council does not exist. Following Vanden Eeckaut, Tulkens and Jamar (1993), De Borger, 
Kerstens, Moesen and Vanneste (1994), and De Borger and Kerstens (1996) an 
approximation is obtained by identifying observable factors, or ‘output indicators’, which are 
the determining factors for each function. As a starting point, the NSW Department of Local 
Government (1995) currently recognises ten primary local government functions. These are: 
(i) financial and corporate services; (ii) library services; (iii) environmental services; (iv) 
planning and regulatory services; (v) recreation services; (vi) community services; (vii) 
domestic waste management services (DWMS); (viii) sewerage services; (ix) water supply 
services; and (x) road services. The determining factor used by the NSWDLG (1993; 1995) in 
assessing comparative performance in the first six functions (i.e. human and community 
services) is population, whereas the standard of performance for domestic waste, sewerage 
and water services is the number of properties receiving these services. For roads, the 
determining factor is the length of roads in the local government area, both sealed and 
unsealed, rural and urban.  
Accordingly, the outputs selected are (i) population (y1); (ii) the number of properties 
receiving DWMS (y2), sewerage (y3) and water services (y4); and (iii) the length (in 
kilometres) of urban sealed roads (y5) rural sealed roads (y6), and rural unsealed roads (y7). To 
a large extent, these outputs result from legal requirements imposed upon local governments. 
For example, nearly all developed urban property is required to be connected to water, 
sewerage and drainage, and to have road access, and anti-littering laws require households to 
have non-recyclable material collected. The empirical specification of these variables follows 
the work of Vanden Eeckaut, Tulkens and Jamar (1993), De Borger, Kerstens, Moesen, and 
Vanneste (1994), and De Borger and Kerstens (1996) amongst others. One expects ceteris 
paribus more input resources to be necessary as these measures of output increase. However, 
there are a number of caveats which should be raised about using these measures to quantify 
local government outputs.  
First, the main problem is that these measures do not take into account the substantial 
differences in quality that may exist across local governments. For example, road surface 
quality may vary, even within the categories employed, and production requirements may 
differ due to variations in topography and climate. Second, quality differences may naturally 
arise as a consequence of variations in stated preferences for local public services. Third, 
there is no attempt to incorporate additional characteristics of each local government area 
which may influence the costs of provision. Unfortunately, there are any number of 
unspecified factors for each of the specified outputs which would vary the cost of provision 
across local governments. Finally, it is unlikely that the cost of provision of each of these 
services is independent of the other services specified. For instance, it is generally accepted 
that economies of scope exist in the ‘hydraulic services’ (i.e. water, sewerage, and stormwater 
drainage): hence the argument for these services to be provided by authorities whose service 
areas correspond with catchments. While the approach incorporated in the present analysis is 
consistent with the existing literature [see, for example, Vanden Eeckaut, Tulkens and Jamar 
(1993), De Borger, Kerstens, Moesen and Vanneste (1994) and De Borger and Kerstens 
(1996)], there is an obvious requirement for more comprehensive data. Unfortunately, 
systematic and robust surveys of the level, quality and distribution of local public output are 
not readily available in the Australian context.  
However, far more significant problems arise in measuring inputs, and more particularly, 
input prices, in public sector efficiency analysis. The main issue is that prices may not exist or 
cannot exist by definition. The implication in terms of the aforementioned analysis is that the 
optimal price ratios of the inputs and the isocost hyperplane will be undefined. Even where 
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input prices can be discerned, there may be distortions in (non-competitive) factor markets 
due to monopoly or monopsony market power. It has been argued that “this may mean that 
the prices ruling in markets are not genuine representations of the opportunity costs of inputs 
and hence allocative efficiency cannot be meaningfully defined against prevailing factor 
prices” (Ganley and Cubbin, 1992, p. 86). The approach used in the current study is to 
attempt to proxy inputs and factor prices using much the same sort of assumptions employed 
in other sectors of the economy, including financial and health services. This approach is 
becoming much easier to defend given the pace of workplace and financial reform in the local 
public sector. Examples based upon this approach include Hayes and Chang (1990), Deller 
(1992), Viton (1992), and Deller and Halstead (1994). 
The inputs (x) and input prices (w) are presented in Table 1. As information on total capital 
stock was not available, the three inputs selected are (i) labour (x1) (measured in full-time 
equivalent units), (ii) other physical expenses in dollars (x2) (largely materials and inventory, 
excluding depreciation), and (iii) capital expenses in dollars (x3) (loans, overdrafts and other 
borrowings). The problem of providing accurate measures of capital inputs is endemic to 
public sector efficiency analyses. One approach often used for government business 
enterprises is the declining balance method, despite the fact that it relies on an accurate 
market valuation of the organisation’s assets at a point in time (SCRCSSP, 1997). Where this 
is not possible, a proxy for a government service provider’s total capital inputs are sometimes 
used. For example, Bjurek, Kjulin and Gustaffsson (1992) used building floor-space (in 
square metres) to proxy capital inputs in publicly-provided childcare, Hjalmarsson and 
Veiderpass (1992) employed the length of power-lines for municipal electricity distribution, 
and Valdmanis (1992) adopted the number of beds for public hospitals. Unfortunately, no 
single proxy for physical capital inputs is known to exist for the outputs selected, and the 
emphasis in the present study is placed upon financial capital inputs. This is equivalent to 
assuming that physical capital is used in fixed proportions to the specified labour, material 
and financial inputs (SCRCSSP, 1997, p. 29). 
Similarly, there are difficulties in specifying labour inputs. A preferred approach would be 
to use total hours worked, disaggregated across different types of labour to capture 
differences in the quality of labour, say, between administrative and operational staff. For 
example, De Borger, Kerstens, Moesen and Vanneste (1994) distinguish between white and 
blue-collar municipal employees, and public hospital studies, such as Banker, Conrad and 
Strauss (1986), and Byrnes and Valdmanis (1993), generally categorise inputs as either 
physician, nursing, ancillary or administrative. Unfortunately, information of this type is not 
available for local governments in Australia. 
The price of labour (w1) is calculated as the average municipal salary in the council 
(including overheads) and the price of the financial input (w3) is the average interest rate paid 
on borrowed funds. The price of other physical inputs (w2) is proxied by dividing physical 
expenditures on materials, plant and equipment by total current assets, and is based upon 
arguments similar to those employed by Aly, Grabowski, Pasurka and Rangan (1990) in 
financial services, Byrnes and Valdmanis (1993) in health services, and Deller and Nelson 
(1991) in the local public sector. Total operating and interest cost in each local council is the 
sum of labour (implied wage rate times the amount of labour), other physical and financial 
expenditures. Given the nonparametric model outlined earlier, local governments are thus 
characterised as producing eight categories of output (y), using three inputs (x) with 
associated factor prices (w). To retain consistency with the nonparametric approach, identical 
data is employed to calculate the stochastic cost frontier. A description of the variables 
employed and summary statistics are once again supplied in Table 1. In this case, local 
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governments are found to incur operating and interest cost (c), whilst producing eight 
categories of output (y), using three inputs (x) with associated factor prices (w). 
A final requirement is to explain the observed variation in local government cost 
efficiency. Two separate approaches are used. First, since cost efficiency measures are mostly 
used as relative indicators of performance, highlighting any inconsistencies that may arise is a 
useful exercise. Descriptive statistics are used to compare the cost efficiency indices of the 
DEA and stochastic frontier approaches. Second, another commonly used approach is to 
specify cost efficiency as the dependent variable in a regression-based approach where 
variation in efficiency is attributed to the financial characteristics of each council. Given that 
the measure of efficiency calculated is a limited dependent variable in both the parametric and 
nonparametric approaches, tobit estimation is appropriate.  
The empirical literature suggests six key corporate (or financial) performance indicators 
that have been employed as predictors of local government cost efficiency (see Table 1). The 
first three variables are: (i) general purpose grants as a percentage of total revenue (z1), (ii) the 
debt service ratio (net debt service cost, both principal and interest, divided by operating 
revenue (z2), and (iii) the level of current assets (z3). The remaining variables relate to 
additional dimensions of local government performance. The fourth variable included is the 
firm’s current ratio (z4). The fifth variable is a ‘labour-based’ measure of the number of staff 
per 1,000 capita (z5). The final variable is the average rate per residential assessment in each 
local council (z7) (excluding water and sewerage rates).  
EMPIRICAL RESULTS 
Table 2 provides summary statistics for the measures of technical, allocative and cost 
efficiency derived using the non-parametric DEA methodology discussed in the previous 
section. The inputs (x) used are the number of full-time equivalent staff, other physical 
expenditures and financial expenses, whilst the outputs (y) are the number of properties 
receiving DWMS, sewerage and water services, the length of various categories of roads, and 
the population of the local government area. The factor prices (w) used are the implied prices 
of labour, physical capital and the interest rate paid on borrowed funds. The measure of 
overall cost inefficiency provided therefore incorporates both allocative inefficiencies which 
result from failing to react optimally to relative prices of inputs, w, and technical 
inefficiencies from employing too much of the inputs, x, to produce the outputs, y. 
Table 2  
DEA Technical, Allocative and Cost Efficiency Indices 
 Technical efficiency Allocative efficiency Cost efficiency 
 All 
governments
Inefficient 
governments
All 
governments
Inefficient 
governments
All 
governments
Inefficient 
governments
Number 176 100 176 146 176 147 
Mean 0.8531 0.7415 0.8213 0.7846 0.6997 0.6405 
Standard deviation 0.1800 0.1677 0.2372 0.2449 0.2553 0.2381 
Lowest quartile 0.7410 0.6183 0.7418 0.7150 0.5645 0.5265 
Next to lowest quartile  0.9295 0.7635 0.9195 0.8600 0.7140 0.6760 
Next to highest quartile 1.0000 0.8785 0.9805 0.9565 0.8998 0.8115 
Highest quartile 1.0000 0.9890 1.0000 0.9980 1.0000 0.9930 
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The level of technical efficiency indicates that the average NSW local government could –and 
solely on the basis of observable best-practice – become technically efficient by reducing 
inputs to 85.3 percent of their current level. Put differently, the average loss of productivity 
due to overall technical inefficiency is 14.7 percent. Moreover, in the case of technical 
efficiency, 76 local governments (or some 43 percent) define the frontier. However, only 30 
local governments (17 percent) are allocatively efficient and 29 local governments (or 16.4 
percent) are cost (or productively) efficient. In the case of the latter, the measure of cost 
efficiency indicates that the average loss of productivity due to the inability to use factors in 
their optimal proportions given their respective prices amounted to some 30 percent.  
In general, using the production-based approach, a large number of local governments are 
assessed as technically efficient whereas only a small number of local governments are 
allocatively efficient. Accordingly, a much smaller proportion of councils are overall cost 
efficient. Whilst variance in sample precludes a strict comparison, a DEA-based cost 
efficiency study of Belgian municipalities by De Borger, Kerstens, Moesen and Vanneste 
(1994) found that mean input efficiency amounted to 0.863, with 18 percent of observations 
declared efficient. However, using an almost identical sample of Belgian local governments 
De Borger and Kerstens (1996) measured mean efficiency at 72.7 percent, and found that 10.8 
percent of all local governments were purely cost efficient. Finally, using a similar sample to 
De Borger and Kerstens (1996), Vanden Eeckaut, Tulkens and Jamar (1993, p. 311) observed 
that various DEA based approaches to cost efficiency yielded “fairly similar results in terms 
of the proportion of observations that are declared efficient, and are thus spanning the 
reference cost frontier. This proportion lies in the range 15 to 22 percent”. 
Further elementary insights are obtained by considering the distribution of efficiency 
between all local governments and inefficient local governments. In terms of technical 
efficiency, local government efficiency scores are more clustered about the mean compared 
with allocative efficiency. Excess inputs across the sample amount to 22.5 percent for labour, 
36.5 percent for materials and other physical expenditures, and 14.7 percent for financial 
capital. However, more local governments which are allocatively inefficient are concentrated 
at higher percentiles, with 50 percent of local governments having an efficiency score of 71.4 
percent or higher. The comparable figure for technical efficiency is only 61.8 percent. 
Moreover, more than double the number of local governments are technically efficient than 
allocatively efficient, and this would suggest that the main source of cost inefficiency in local 
government is allocative rather than technical.  
Some additional information is gained by calculating the Spearman (rank) correlations 
between the DEA-based measures of technical, allocative and cost efficiency and the 
corporate performance indicators discussed earlier. First, between technical efficiency and the 
level of current assets and the current ratio there is a high degree of positive rank correlation 
(significant at the .01 and .10 levels respectively). A one-tailed test at the .01 level rejects the 
null hypothesis of no negative association between technical efficiency and the number of 
staff per thousand population. We may thus conclude that the higher the level of current 
assets and current assets relative to current liabilities, and the lower the level of staff per 
thousand, the higher the level of technical efficiency. Second, one-tailed tests are also rejected 
at the .10 level between the measure of allocative efficiency and the debt and current ratios, 
and at the .01 level between allocative efficiency and current assets and staff per thousand. 
These results appear to confirm the hypothesis that local governments with higher levels of 
current assets and a greater degree of reliance on debt are more allocatively efficient.  
Results for the tobit regressions where the DEA-based measures of technical, allocative 
and cost efficiency are regressed against the set of corporate performance indicators are 
summarised in Table 3. A test of the null hypothesis that all slope coefficients are zero is 
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rejected at the 0.01 percent level using the likelihood ratio procedure when technical 
efficiency is specified as the dependent variable. The level of current assets (CA) and the 
current ratio (CR) are significant at the .01 level and conform to the a priori sign, the number 
of staff per thousand population (SPT) is significantly negative at this level, and all other 
variables are insignificant at the .10 level. The marginal effect of the current ratio on the level 
of technical efficiency is higher than that for the absolute level of current assets. While these 
results are suggestive, the levels of significance of the individual coefficients are relatively 
low. This is likely to have arisen from the use of a number of ratios posited to measure similar 
areas of financial performance. 
Table 3  
DEA Technical, Allocative and Cost Efficiency Regressions 
Variable Normalised Standard  Regression Elasticity  
 coefficient error coefficient  
Technical efficiency    
CONS. ***3.4519 0.6371 0.8176  
GRT 0.5083 0.7569 0.1204 0.0229 
DBT 0.2380 1.4325 0.0564 0.0042 
CA ***3.65E-07 1.38E-08 8.65E-09 0.0428 
CR ***0.2081 0.0663 0.0493 0.0834 
SPT ***-0.0396 0.0087 -0.0094 -0.0692 
AVR -2.64E-05 0.0007 -6.25E-06 -0.0017 
Allocative efficiency    
CONS. ***2.5999 0.5357 0.6346  
GRT *1.2545 0.7065 0.3062 0.0740 
DBT ***4.5699 1.3987 1.1154 0.1064 
CA ***6.17E-08 1.38E-08 1.51E-08 0.0949 
CR 0.0164 0.0460 0.0040 0.0086 
SPT -0.0126 0.0082 -0.0031 -0.0289 
AVR -0.0007 0.0007 -0.0002 -0.0588 
Cost efficiency    
CONS. ***2.5052 0.5314 0.6152  
GRT 0.8863 0.6995 0.2176 0.0723 
DBT **3.4264 1.3593 0.8414 0.1104 
CA ***6.61E-08 1.35E-08 1.62E-08 0.1405 
CR 0.0748 0.0460 0.0184 0.0544 
SPT ***-0.0419 0.0085 -0.0103 -0.1327 
AVR -0.0009 0.0007 -0.0002 -0.1092 
Asterisks represent significance at the  * – .10, ** – .05 and *** – .01 level; 
elasticities calculated at means; log-likelihoods -52.8997, -23.5315 and -
29.2623 respectively. 
The tobit regression using allocative efficiency as the dependent variable generates results 
broadly similar to those found earlier, although significance levels are higher and there is 
some variation in signs and significance across equations. A test of the null hypothesis that all 
the slope coefficients are jointly zero is rejected at the .01 level using a Wald chi-square 
statistic. Allocative efficiency in the utilisation of resources given their respective factor 
prices is generally higher for local governments with a high level of debt service (DBT) and 
grant dependence (GRT). The marginal effect of these variables on allocative efficiency is 
highest for debt service, followed by current assets, and finally grant reliance.  
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Finally, the estimated coefficients of the tobit regression where cost (or productive) 
efficiency is specified as the dependent variable are also detailed in Table 3. The level of 
current assets (CA) has a significant positive effect, indicating that larger local governments 
operate more efficiently in terms of the calculated DEA indices. The number of staff per 
thousand (SPT) is negative and significant at the .01 level. A test of the null hypothesis of the 
joint insignificance of the explanatory variables is rejected at the .01 level, and we may 
conclude that the vector of financial ratios exerts a significant influence on the level of cost 
efficiency. In a similar study by De Borger and Kerstens (1996), DEA-based cost indices 
were regressed on the level of local taxation, household income, grant reliance, and a number 
of political characteristics. They found that cost efficiency was positively related to higher 
taxes and negatively related to the level of reliance on grant income. 
Table 4  
Translog Cost Function Final Maximum-Likelihood Estimates 
Variable Coefficient Standard 
error 
Variable Coefficient Standard 
error 
Variable Coefficient Standard 
error 
CONS. -2.8618 1.9034 lny1y2 ***-8.23E+01 0.7020 lny5y7 ***-1.2930 0.4820 
lnw1 ***1.47E+03 0.9736 lny1y3 ***-2.5387 0.7185 lny6y7 **-0.1657 0.0647 
lnw2 ***4.87E+04 1.0434 lny1y4 ***3.0170 0.1874 lnw1w2 ***1.50E+04 0.8659 
lny1 ***-2.48E+04 0.9380 lny1y5 -0.8168 0.5061 lny1w1 ***2.02E+04 0.6892 
lny2 ***-1.29E+04 0.9262 lny1y6 -1.1527 0.9344 lny2w1 ***64.4736 0.3890 
lny3 ***2.79E+03 0.8966 lny1y7 1.0647 0.9561 lny3w1 0.1804 0.1652 
lny4 ***2.07E+04 0.8962 lny2y3 ***2.2732 0.6541 lny4w1 **-0.3111 0.1229 
lny5 ***-1.65E+04 1.2343 lny2y4 ***-2.8669 0.2404 lny5w1 ***18.9671 0.9346 
lny6 ***-2.62E+04 0.8951 lny2y5 ***-3.88E+01 0.6732 lny6w1 **0.5969 0.2761 
lny7 ***-2.88E+04 0.8960 lny2y6 -0.0294 0.7808 lny7w1 *-0.4779 0.2801 
lnw1w1 ***-1.83E+04 0.8877 lny2y7 0.1729 0.7857 lny1w2 ***-2.01E+04 1.2131 
lnw2w2 ***-2.17E+04 1.1646 lny3y4 **0.0728 0.0309 lny2w2 ***-1.78E+02 0.8595 
lny1y1 ***1.24E+04 0.7235 lny3y5 -0.4926 0.3178 lny3w2 ***-0.4610 0.1358 
lny2y2 ***6.57E+03 0.6577 lny3y6 *0.4704 0.2764 lny4w2 ***0.4531 0.1152 
lny3y3 ***-1.39E+03 0.4646 lny3y7 0.2153 0.1501 lny5w2 ***11.8056 4.0888 
lny4y4 ***-1.04E+04 0.4615 lny4y5 0.4593 0.3126 lny6w2 *-0.0902 0.0537 
lny5y5 ***8.26E+03 1.7597 lny4y6 *-0.5049 0.2764 lny7w2 0.0363 0.0882 
lny6y6 ***1.31E+04 0.4523 lny4y7 -0.1658 0.1481 σ2 ***0.1432 0.0288 
lny7y7 ***1.44E+04 0.4595 lny5y6 **0.9678 0.4440 γ ***0.7534 0.1189 
Asterisks represent significance at the  * – .10, ** – .05 and *** – .01 level; Log-likelihood -18.3923; Likelihood 
ratio 60.1105; σ2=σ2v+σ2v; γ=σ2u/(σ2v+σ2u). 
 
The results for the normalised translog cost function detailed in equation (7) are found in 
Table 4. Also included are the parameters σ2u, σ2v, and λ associated with the variances of the 
random variables vi and ui. A chi-square statistic using these parameters is employed to reject 
the null hypothesis of the absence of the stochastic effects, and therefore the possibility that a 
standard regression could have been used to estimate the model. The estimates detailed in 
Table 4 also appear reasonable in terms of statistical significance, and in satisfying the 
properties of parameters in neoclassical production theory. However, care should be taken in 
the interpretation of an individual coefficient’s significance since the inclusion of squared and 
interaction terms is likely to result in multicollinearity, thereby contributing to high standard 
errors. A more appropriate procedure is to simultaneously test the significance of groups of 
coefficients. Using the likelihood ratio testing procedure with an asymptotic chi-square 
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distribution, a structural test of the restriction that all coefficients are zero is rejected, as well 
as a similar null hypothesis that the nested Cobb-Douglas function is preferred to the translog 
function. Finally, the own-price elasticities for labour and physical capital are found to be 
negative, with the cross-price elasticity indicating the substitutability of labour and plant and 
machinery.  
The cost efficiency estimates derived from (6) range from 1.1069 to 1.4291 with a mean 
efficiency level of 1.1321 and a standard deviation of 0.0286 [for the purposes of comparing 
these results to those using DEA, the indices are recalculated in the range of zero to unity]. In 
economic terms these measures indicate how far above the cost frontier a council is operating. 
It can be argued that a typical council in 1993 produced its services at a cost that was 
approximately thirteen percent greater than necessary, with overall cost inefficiencies ranging 
from ten percent to over forty percent. There were no purely cost efficient local governments, 
as is often the case with stochastic frontier techniques. De Borger and Kerstens (1996) 
likewise found no efficient observations in a stochastic cost frontier study of Belgian 
municipalities, with a mean efficiency score of 0.781 (cost inefficiencies of 22 percent). 
Notwithstanding that the mean efficiencies of the DEA approach and the stochastic cost 
frontier are in line with the average efficiency scores reported in the literature, there are 
significant differences between the two sets of results.   
Table 5  
Summary Statistics for Cost Efficiency Measures 
 DEA SFA 
Mean 0.6997 0.8678
Standard deviation 0.2533 0.0286
Lowest quartile 0.5635 0.8613
Next to lowest quartile  0.7140 0.8738
Next to highest quartile 0.9012 0.8809
Highest quartile 1.0000 0.8931
Skewness -0.9546 -6.9085
Kurtosis 0.6343 66.5795
Number efficient 29 0
Percentage efficient 16 0
ANOVA 75.409; Bartlett 525.34; Spearman rank 
correlation 0.2057; Pearson product correlation 
0.1037. 
Table 5 contains some descriptive statistics of the DEA-based cost index and those derived 
from the stochastic frontier approach. The use of the deterministic DEA measure yields an 
extremely low mean efficiency when compared to the stochastic frontier. One reason for this 
may be the fact that the efficient frontier is defined by a relatively small number of very 
efficient best-practice local governments. A further rationale is that since the DEA technique 
is nonstochastic, the analysis may have failed to account for some of the measurement errors 
and random events common in microeconomic cross-sectional data. The results for the 
stochastic frontier suggest that whilst the distribution of inefficiency scores is negatively 
skewed and more peaked than that derived from the parametric methodology, it has a smaller 
range than the latter. The results of an ANOVA table with F-distribution [FCRIT = 75.409] 
reject the null hypothesis that the two approaches have identical means. The null hypothesis 
of a Bartlett homogeneity of variance test with chi-square distribution [BCRIT = 525.34] also 
rejects the null.  
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Not only can the shape of the efficiency distribution be affected by the use of different 
reference technologies, but they may also alter the implied rankings of individual 
observations. The similarities in ranking are assessed by comparing the Spearman rank 
correlations and the Pearson product moment correlation coefficients. Although the 
correlations coefficients are positive, indicating comparable rankings, they are not significant, 
even at the .10 level. The findings from this section of the analysis once again strongly 
suggest that substantial differences arise in the efficiency indices derived from different 
reference technologies in the context of local public services. This contrasts with the results 
of De Borger and Kerstens (1996) who found that DEA and stochastic cost frontiers yielded 
similar efficiency distributions and rankings for Belgian municipalities.  
The second stage of the estimation procedure involves regressing the predicted cost 
inefficiencies derived from the stochastic frontier on the vector of explanatory variables. The 
tobit regression coefficients are provided in Table 6. Amongst the variables selected to proxy 
operational characteristics, only the number of staff per thousand population (SPT), current 
assets (CA) and average residential property rate (AVR) are significant. By way of 
comparison, in the regression where the DEA measure of cost efficiency was specified as the 
dependent variable, the coefficiencts on average residential property rate and current assets 
were also significant, though the sign on current assets was positive rather than negative. In 
addition, the estimated coefficienct on debt serive (DBT) was also significant in that instance. 
A Wald chi-square statistic confirms the joint significance of the vector of explanatory 
variables on local government cost efficiency. These results are dissimilar to those found by 
De Borger and Kerstens (1996, p. 164) in a study of Belgian municipalities, who found that 
cost efficiency was negatively related to a reliance on grant income and unrelated to the level 
of taxation. 
Table 6  
Stochastic Frontier Cost Efficiency Regression 
Variable Normalised Standard  Regression Elasticity  
 coefficient error coefficient  
CONS. ***53.157 2.8872 0.9094  
GRT -0.57028 0.6849 -9.76E-03 -0.0028 
DBT -0.28437 1.2797 -4.87E-03 -0.0006 
CA ***-3.7E-08 1.22E-08 -6.39E-10 -0.0048 
CR 3.71E-02 4.53E-02 6.34E-04 0.0016 
SPT ***-0.13603 1.09E-02 -2.33E-03 -0.0263 
AVR **-1.63E-03 6.70E-04 -2.79E-05 -0.0115 
Asterisks represent significance at the  * – .10, ** – .05 and *** – .01 level; 
elasticities calculated at means; log-likelihood 462.654. 
A number of points emerge from the present study. First, it would appear that there is a very 
low variation in technical and allocative efficiency amongst local governments in New South 
Wales. The mean level of efficiency was 69.9 percent of best-practice for overall cost 
efficiency, 85.3 percent for technical efficiency, and 82.1 percent for allocative efficiency. 
Moreover, technical inefficiency – or that resulting from the inability to maximise outputs and 
minimise inputs – accounted for 14.7 percent of observed inefficiency, whereas inefficiencies 
which resulted from the inability to use factor inputs in optimal proportions accounted for 
17.9 percent. However, substantially more councils are technically efficient than allocatively 
efficient.  
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Second, the primary purpose of this study was to compare the efficiency indices obtained 
from a nonparametric and parametric reference technology using Australian local government 
data. The analysis proceeded in two steps. The first step involved comparing efficiency 
measures in terms of their distributions and implied rankings of local governments. The 
results of this analysis suggested that the choice of reference technology will imply different 
levels of efficiency and rankings for identical samples. In considering the various reference 
technologies, we found large differences in mean efficiency scores. The estimated means 
ranged from 0.699 to 0.867, while the rank correlations between these measures were 
relatively low, ranging between 0.103 and 0.205. Finding similar results, De Borger and 
Kerstens (1996: 167) concluded that “as long as the problem of choosing the ‘best’ reference 
technology has not satisfactorily been solved ... it would seem prudent to analyse efficiency 
questions using a broad variety of methods to check the robustness of the results”.  
The second step examined the degree to which the calculated inefficiencies could be 
explained consistently by a vector of uniform explanatory variables. The DEA-based tobit 
regression identified the level of debt service and current assets as being positively related to 
cost efficiency, whereas the number of staff per thousand population was negatively related. 
On the other hand, an identical regression which used the result of a stochastic cost frontier 
found that cost efficiency was negatively related to current assets, staff per thousand 
population, and the average residential property rate. It would appear that the use of different 
reference technologies has a dramatic influence on the distribution and policy implications 
drawn from frontier cost efficiency measures. 
CONCLUDING REMARKS 
The present study addressed two separate, though conceptually similar, theoretical approaches 
to the assessment of cost efficiency. These are the stochastic frontier approach and the 
mathematical programming approach. Whilst the selection of any particular approach is likely 
to be subject to both theoretical and empirical considerations, it may be useful to summarise 
the strengths and weaknesses of each technique. The emphasis here is not on selecting a 
superior theoretical approach, rather it should be emphasised that the stochastic frontier and 
DEA approaches address different questions, serve different purposes and have different 
informational requirements. 
The first approach examined, namely data envelopment analysis, differs from the 
econometric approaches to efficiency measurement in that is both nonparametric and 
nonstochastic. Thus, no accommodation is made for the types of bias resulting from 
environmental heterogeneity, external shocks, measurement error, omitted variables, etc. 
Consequently, the entire deviation from the frontier is assessed as being the result of 
inefficiency. This may lead to either an under or over-statement of the level of inefficiency, 
and as a nonstochastic technique there is no possible way in which probability statements of 
the shape and placement of this frontier can be made. In view of erroneous or misleading data, 
some critics of DEA have questioned the validity and stability of measures of DEA 
efficiency.  
However, there a number of benefits implicit in the mathematical programming approach 
that makes it attractive on a theoretical level. Given its nonparametric basis, it is possible to 
considerably vary the specification of inputs and outputs, the formulation of the production 
correspondence relating inputs to outputs, and so on. Thus, in cases where the usual axioms of 
production activity breakdown (ie. profit maximisation) then the programming approach may 
offer useful insights into the efficiency of these types of industries. This is especially the case 
with local public sector activities. Similarly, it is entirely possible that the types of data 
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necessary for the statistical approaches are neither available nor desirable, and therefore the 
imposition of as few as possible restrictions on the data is likely to be most attractive.  
The second approach examined, namely the stochastic frontier, removes some of the 
limitations of DEA. Its biggest advantage lies in the fact that it introduces a disturbance term 
representing noise, measurement error, and exogenous shocks beyond the control of the 
production unit. This in turn permits the decomposition of deviations from the efficient 
frontier into two components, inefficiency and noise. However, in common with other 
econometric approaches, an assumption regarding the distribution (usually normal) of this 
noise must be made along with those required for the inefficiency term and the production 
technology. The main effect here is that when using the stochastic frontier approach, 
considerable structure is imposed upon the data from stringent parametric form and 
distributional assumptions.  
Notwithstanding these comments, stochastic frontiers and DEA should be thought of as 
complementary tools in the analysis of local public sector efficiency. In both cases it is 
possible to think of the calculated and estimated production frontiers as being the maximal 
output that can be obtained given a set of input quantities and prices. But it is also possible to 
think of the maximum as being taken with respect to either those local governments in the 
sample (as with DEA), or with respect to all local governments that could conceivably exist 
and still embody the current technology (as with the stochastic frontier). In the first instance, 
the frontier adheres closely to the notion of best-practice efficiency, whereas in the second it 
refers to an absolute measure of efficiency. Clear advantages thereby accrue to DEA in 
identifying benchmark local governments and peer groups for comparison, while the 
stochastic frontier permits the opportunity for direct comparison with other institutional 
milieus. 
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